This paper uses household panel data from rural Indonesia to examine the impact of road quality on labor supply and wages. First, road projects are found to increase transportation speed. Second, the empirical results from intra-village variations of household endowments and labor market behavior show that an increase in transportation speed raised wages in nonagricultural and agricultural employment, and was associated with a decline in working time in agricultural employment, for households whose members are relatively educated. The findings support potential complementarity between road quality and education.
Introduction
It has been increasingly recognized that transportation infrastructures critically determine the allocative efficiency of economic activities, and therefore influence household resource allocation and outcomes (e.g., Binswanger et al. (1993) and Fan et al. (2004) ). 3 The improvement of road quality expands the geographic area individuals can reach. Resources can move faster. For instance, households can reach employment opportunities that, before the change, were too distant to capture.
Improved transportation networks can also invite new capital investments, which alter the spatial distribution of economic activities and demands for skills. New market opportunities can alter returns to household resources, and thus, their initial endowments affect how effectively they can benefit from the new roads.
Household endowments potentially matter in the improved road impact on household outcomes.
For example, when the demand for skilled labor is concentrated in urban labor markets, the educated in rural areas will benefit more from the improved spatial connectivity to urban areas (e.g., Shilpi, 2003, 2005) . Another example is linked to new opportunities, which improved spatial connectivity can create. To utilize these new opportunities, knowledge and/or experience are important since the process involves learning as well as risk taking. 4 In this paper, I examine the effects of improved roads on labor supply and earnings using household panel data from Indonesia by focusing on potential heterogeneity in the impacts related to initial household endowments such as educational attainment. The analysis also compares agricultural and nonagricultural labor markets to investigate possible differences in household labor supply and 3 Using aggregate data, the previous studies such as estimated the returns to road constructions. To identify the impact of road infrastructure, however, it is necessary to use household-level data with a sufficiently long span of period in which road conditions change or explicit information on new road projects. This study takes the latter approach. 4 This is similar to the availability of a new technology (Schultz, 1975) , which increases returns to schooling. The hypothesis that the educated have an advantage in learning has been tested by Foster and Rosenzweig (1995) and others.
wage responses to road improvements. The impact on wages (returns to labor) could be different between agriculture and nonagriculture since the improvement of roads potentially opens faster access to urban labor markets. Accordingly, labor can be reallocated between agriculture and nonagriculture if wages change differentially between the two sectors and sector-specific skill requirements do not significantly constrain the household decision.
The following three points are important in the analysis. First, as mentioned, this paper examines how the distribution of labor earnings across households within a village alters in response to village-level changes in transportation speed. Thus, changes in the intra-village distribution of household labor earnings are compared across villages with and without changes in transportation speed. 5 By focusing on the intra-village distributional issues, I will minimize the effect of endogenous placement of road projects. Second, I use an important characteristic of road projects to endogenize changes in transportation speed. That is, during the project, the local demand for construction workers will certainly increase, but the effect ceases when the project is completed, whereas the impact of road improvement on transportation speed will remain as long as the road quality is maintained.
Third, Indonesia, at least in the survey sites, had established key road networks before 2007 so most village road projects aimed to improve and rehabilitate existing roads, rather than opening new road paths 6 Therefore, changes in the estimated transportation speed (for agricultural and nonagricultural employment) are due to improvements in road quality. To measure road quality, I
estimated transportation speed by dividing distance in kilometers to an employment site by the required number of hours.
In the literature, Yamauchi et al. (2011) showed from Indonesia that improvements in road quality in neighboring areas increased incomes of relatively educated households and promoted their transition to nonagriculture between 1995 and 2007. The findings of the current study are also consistent with their work. In contrast with agriculture, nonagricultural economic activities require more advanced skills and knowledge to handle more complicated technologies (e.g., Yamauchi, 2004; Fafchamps and Shilpi, 2005) . To realize larger returns to human capital in the context of rural labor markets, it seems critically important to have access to nonagricultural labor markets (Fafchamps and Shilpi, 2003) .
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In the context of Indonesian road networks, three papers in particular are close to the current study:
Gertler et al. (2014), Gibson and Olivia (2010) and Yamauchi et al. (2011) . Gibson and Olivia (2010) used the Indonesian Family Life Surveys to confirm a positive linkage between nonfarm employment and infrastructure developments such as roads and electricity. The above study is, however, a cross sectional analysis, not taking advantage of the panel surveys, so it did not identify a causal relationship from roads to nonfarm employment. On the other hand, Gertler, at al. (2014) used the same data set to conduct a panel analysis by combining it with road quality panel data. Their analysis used the International Roughness Index and computed roughness-induced travel time. Yamauchi et al. (2011) used the proportion of inter-village roads using asphalt computed from village census data (PODES), and showed a positive effect of changes in road quality on nonagricultural labor supply. As confirmed in Gibson and Olivia (2010) citing Parikesit (2006) , the quality of existing roads substantially varies across regions. Table 1 shows the proportion of inter-village roads using asphalt in 1996 and 2006. 8 The table
demonstrates that, in addition to variations in the quality at a given point in time (e.g., 100% in Jakarta 7 In agricultural commodity markets, Jacoby (2000) and Jacoby and Minten (2009) showed evidence that farmers who transport their produces to local markets can potentially increase their profits (reflected in the value of their farm land). In sum, the contribution of this paper is threefold. First, the data enable me to directly compute the average transportation speed and the impacts on household labor supply and income are estimated.
Second, agricultural and nonagricultural labor markets are distinguished. Third, the analysis shows distributional effects across households within a village, rendering direct implications for local income distributions. The next section describes the empirical strategy.
Empirical Strategy
This section describes the specification and estimation strategy used, and discusses identification issues. The analysis uses household-level panel data to analyze labor supply and wages that potentially respond to changes in road quality.
To mitigate potential endogeneity problems related to the placement of road projects in villages, the focus is on the heterogeneous impacts of road quality improvement (measured by changes in transportation speed) associated with household endowments such as education, gender and age (i.e., interaction terms of change in transportation speed and the initial household characteristics). The number of road projects during the period is used as an instrument for changes in transportation speed to wipe out potential bias that comes from a possible correlation between changes in transportation speed and household-level labor supply or wage shocks.
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The following first-differenced equation is estimated, increase in income enabling households to purchase motorbikes),
is controlled for using village fixed effects. The focus of estimation is on identifying 2
where j FE is the village fixed effects, which capture both
. With the inclusion of j FE , the inference is based on intra-village variations in the above estimation.
The estimation uses instruments to remove potential bias due to correlations between initial period wage shocks and changes in the average transportation speed. For example, a positive income shock in the initial period enables the household to choose a more expensive but speedy transportation mode (e.g., purchasing a motorbike), which increases the average speed prevailing in t=1. To wipe out potential bias due to the correlation between 10 Second, the direct impact of road projects on labor demand is temporary, so the direct effect ceases after project completion. However, the impact of road improvements on transportation speed lasts as long as the quality of the road is maintained. Section 4 shows some evidence supporting this point (Table A1 ). For the above two reasons, [ ] .
The next section describes the panel data used in the analysis.
Data
In this section, I describe the survey data from Indonesia used in this analysis in detail. The data come from two rounds of household surveys conducted in Indonesia (Indonesian Center for The omission of out-migrants could potentially downwardly bias the estimated transportation speed impacts on labor supply and earnings if improved spatial connectivity is likely to make able individuals migrate to look for outside employment opportunities. However the opposite could hold if more able individuals can commute when roads are improved. Though out-migrants are most likely to be engaged in nonagricultural works in the current empirical context, this will also lead to an underestimation of the impacts on labor supply in nonagricultural sectors.
On the mechanism of household splits (in the above definition), the incidence of splits is regressed on the explanatory variables used in the main outcome equations (Table 2) .
12 Column 1 uses province dummies, and Column 2 uses village dummies. The results show that changes in the average transportation speed, and its interactions with the initial household characteristics are all insignificant, which indicates that transportation factors are not driving household splits (specifically defined in Section 3). Second, among the household characteristics, only the average age and the number of household members, both defined only over the age range 20 to 55, are significantly related to the incidence of splits. Namely, older households tend not to split, while larger households tend to be split. Based on the above results, I aggregate split households and their original household in 2010 (both residing in the same village) to match with the original household in 2007. Though the decision to start a new household in the same village could be potentially affected by changes in inter-village road quality, the magnitude of any such influence seems to be substantially smaller than that of migration decisions since the major factor affecting split decisions (rather than migration)
remains demographic, such as marriage (see Table 2 ). 14 The graphs show that they are positively correlated, which implies that the overall quality of inter-village roads in the neighboring areas seems to explain speed in accessing nonagricultural employment. The above observation is reasonable since the actual speed available to villagers is determined by both their own inter-village roads as well as those in their neighboring areas. Figure 5 shows the distribution of change in log village mean speed (averaging nonagricultural and agricultural employment). The change is symmetrically distributed across villages.
Next, the change of log speed is regressed on the number of road projects completed in 2007-2010, the village-mean log speed in 2007, and their interactions (Table 4 , Columns 1 and 2). The access speed for either nonagricultural or agricultural employment could not be calculated for 6 villages, thus not enabling to compute the mean village-level speed, which renders 92 villages in the regressions. It is found that the number of completed road projects significantly has increased the village-mean speed.
The initial level of speed is negatively associated with the subsequent change of speed, and the interaction term of the initial speed and the number of road projects has a significant negative effect on the change in speed, which implies that a potential gain from improved roads is larger if the initial level of speed is low (i.e., road conditions are bad in the initial period).
In Column 3, the number of road projects is regressed on the initial village-level speed and the proportions of asphalt roads and four-wheel transportable roads in the sub-district. The incidence of road constructions/rehabilitations is not correlated with the mobility speed in the initial period, 15 but is positively related to the proportion of asphalt roads within the sub-district, implying that potential benefits of the road improvement could be greater if the village is surrounded by relatively better roads
(this is consistent with Figures 4).
Note that road projects could have increased labor demands during the project period (e.g., construction period) but, by definition, such a temporary increase in employment in road constructions does not sustain after the project completion. Though working time and wages in 2010 could reflect some parts of the recent road project impacts, the major portion of the impacts is not directly related to
15 As the next section shows, nonagricultural wages are positively related to the mobility speed in 2007.
the dependent variables. Table A1 shows the effect of road projects on the change in working time, measured in months for nonagricultural and days in agricultural employment, respectively. The number of road projects does not affect the change in working time in both cases due to the fact that road construction can only temporarily alter labor demands during the project period and the effect ceases upon the completion.
Finally, as mentioned, the main focus of analysis is to examine changes in the intra-village income distribution in response to changes in transportation speed. Before showing the estimation results, the intra-village schooling distributions are compared between villages with and without road projects. 
Empirical Results
This section summarizes the estimation results. Tables 5 and 6 show estimates from the household-level panel analysis. Table 5 show results for the monthly wage received in nonagricultural employment with and without instruments, respectively. First, in both cases, an increase in the village-average speed significantly raises returns to schooling at the household level. In other words, relatively more educated households experience increased wages (and total income) from nonagricultural employment when road and transportation quality improve in the neighboring areas. The effect is larger in the instrumental variable estimation than the OLS estimation. The effect of the average age becomes smaller (negative effect).
Household size (age 20-55) does not have the above effect. The test of exogeneity shows that the IV estimates significantly differ from the OLS estimates (p = 0.015).
Columns 3 and 4 show the results from agricultural employment daily wages with and without instruments, respectively. Interestingly, it is found that the interaction term of changes in village-average speed and household schooling is significantly positive (in contrast to the cross-sectional wage regressions). The estimate of the speed-schooling complementarity is larger in the instrumental variable estimation than that of the OLS estimation, though the test of exogeneity favors the non-instrument case.
In contrast to the previous studies (e.g., Yamauchi et al., 2011) that showed that the income sources of the educated tend to shift from agriculture to nonagriculture by increasing labor supply to nonagricultural employment when road quality improves in the local economy, the current study showed that increased transportation speeds significantly augmented returns to schooling in both nonagricultural and agricultural labor markets. However, labor supply to agricultural work has simultaneously decreased.
Conclusions
This paper examined the impact of road quality on labor supply and wages using household panel data from rural Indonesia. The findings are twofold. First, an increase in average transport speed increased labor market wages in both nonagricultural and agricultural employment, while decreasing working time in agricultural employment, especially for the households whose members are relatively educated. The findings support complementarity between road quality and education. However, the question of whether better roads attract new investments, creating more job opportunities in the same place, remains unanswered, beyond the scope of the current analysis.
Second, the current study has also demonstrated that road projects significantly increased the average transportation speed around villages. The average speed also depends on spatial connectivity in the neighboring areas, measured by the proportion of asphalt (or 4-wheel car passable) inter-village roads within the sub-district. PODES 1996 and 2006 (Yamauchi, et al. 2011 , Table 7 ). * marks the sample provinces. Numbers in parentheses are absolute t values using robust standard errors using province clusters (Column 1) or village clusters (Column 2). 
Numbers in parentheses are absolute t values using robust standard errors. The access speed for either nonagricultural or agricultural employment could not be calculated for 6 villages, thus not enabling to compute the mean village-level speed. Numbers in parentheses are absolute t values using robust standard errors using province clusters.
